ORNL/TM-2020/1804

Coupling MOOSE-Wrapped MPACT to
BISON

L. R. Cornejo
S. G. Stimpson
A. M. Graham
B. S. Collins

October 2020

Approved for public release.
Distribution is unlimited.

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY



DOCUMENT AVAILABILITY

Reports produced after January 1, 1996, are generally available free via US Department of Energy
(DOE) SciTech Connect.

Website www.osti.gov

Reports produced before January 1, 1996, may be purchased by members of the public from the
following source:

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22161

Telephone 703-605-6000 (1-800-553-6847)
TDD 703-487-4639

Fax 703-605-6900

E-mail info@ntis.gov

Website http://classic.ntis.gov/

Reports are available to DOE employees, DOE contractors, Energy Technology Data Exchange
representatives, and International Nuclear Information System representatives from the following
source:

Office of Scientific and Technical Information
PO Box 62

Oak Ridge, TN 37831

Telephone 865-576-8401

Fax 865-576-5728

E-mail reports@osti.gov

Website http://www.osti.gov/contact.html

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.




ORNL/TM-2020/1804

Nuclear Energy and Fuel Cycle Division

COUPLING MOOSE-WRAPPED MPACT TO BISON

L. R. Cornejo

S. G. Stimpson

A. M. Graham
B. S. Collins

October 2020

Prepared by
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, TN 37831-6283
managed by
UT-BATTELLE, LLC
for the
US DEPARTMENT OF ENERGY
under contract DE-AC05-000R22725



CONTENTS

LIST OF FIGURES .....oooteieoie oottt ete e et e e et e emteseaeseeaaeesnaeesnaeesnsesensesenseeenneean v
ABSTRACT ...ttt ettt e e et e et e et e et e eaeeesaeeeeteseeaaseenseesnseesnaeestesetesenseeesneeesneeeans
1. MOTIVATION FOR MOOSE-WRAPPED MPACT AND BISON COUPLING..........ccccvevvrvenennee.
2. CODE OVERVIEWS ...ttt ettt et eet e ettt seteseeteeeeaeteenaeesneeeenteseseeesnesesnseens
2 R VA S NPT

2.2 MPACT ettt ettt e ettt e e et e et e eeteeeeaeeenrareaaeeans

2.3 MOOSE......ooieeeeeeeeeeeeeee ettt ettt a et et e et e eateeeeareeaaeeaaeeans

S £ ] 1] )\ TR

3. TROGDOR IMPLEMENTATION .....ccooiiiiiiiiiieeieeeee e eaee ettt seeaeeeeneeeenaeesaneesnns
3.1 MOOSE-WRAPPED MPACT .....ooiiiiiiiee ettt ettt enee et eae e st saeeseneeesnnee e

T I B\, 6y o LY (2] + OO RR

312 TIANSTEIS oottt e e et e e e et e e e e e e e e e e e et e e e e e e e eenreas

3.1.3  Trogdor INPUL FIlES ....cceeviiiiieiieiieciectesestese sttt snae s e

4. TROGDOR RESULTS ...ttt ettt et e e et e e et e eeteseeteseeseeeenaeesntesensesenseeesneeesneeeans
CONCLUSIONS AND FUTURE WORK ......oooiiiiiiiiiciieeee ettt eneeesnnee e
6. REFERENCGES ..ottt ettt e et e e et e e eae e e eaaeeeateseaeseaeseeaesesneeesnneesnneesnnes

v

il



LIST OF FIGURES

Figure 1. VERA COA@ PACKAZES. ....veveiiieiiiiieiiecieeie ettt sttt st et steesteesaaessaesseessaessaessaesseesseessnensnns 2
Figure 2. Trogdor input Problem bIOCK. .........coiiiiiiiiiiiie e 4
Figure 3. Trogdor input MUltiAPPS DIOCK. ......oiuiiiiiiiiiie e 4
Figure 4. Trogdor input EXecutioner DIOCK. ........coceoiiiiiiiiiiiiieieee e 4
Figure 5. Trogdor input Mesh BLOCK. .....c..ooiiiiiiiiiiieee et 4
Figure 6. Trogdor input Transfers bIOCK. .........cooiiiiiiiiiii e 5
Figure 7. Test 1 normalized axial pin power difference between MPACT-only and Trogdor

COUPLEA TESUILS. ..eevieeiieiieiieie ettt ettt ettt ettt e e et e et e e see s aesaessaesseesseenseesseesseessaeseenseeseeses 6
Figure 8. Test 1 axial pin fuel temperature difference between MPACT-only and Trogdor coupled

TESULES. 1.ttt b et h et a et ea e b et enes 6
Figure 9. Test 2 normalized axial pin powers difference between MPACT only and Trogdor

COUPLEA TESUILS. ..eevieerieiieieeie ettt ettt ettt et e et e e be e see s e e saessaesseesseenseesseessaessaeseesseenseesees 7
Figure 10. Test 2 axial pin fuel temperature difference between MPACT only and Trogdor

COUPLEA TESUILS. ...evieerieiieiieie ettt ettt ettt e e e et e e e e be e see s aesaesaesseesseenseesseesseessaesseenseenseeses 7
Figure 11. Test 3 normalized pin power max difference between MPACT only and Trogdor

COUPLEA TESUILS. ..eevieeiieiieiieie ettt ettt ettt ettt e e et e e te e seessaesaesaesseesseenseesseesseessaesseenseenseesees 8
Figure 12. Test 3 pin fuel temperature difference between MPACT only and Trogdor coupled

TESULES. 1.ttt b ettt h et et e a et a e bttt 8

v



ABSTRACT

As part of the Nuclear Energy Advanced Modeling and Simulation (NEAMS) program, an effort is being
made to leverage codes like Virtual Environment for Reactor Analysis (VERA) and Michigan Parallel
Characteristics Transport (MPACT) by coupling them with other NEAMS codes. To facilitate coupling
with other Multiphysics Objected Oriented Simulation Environment (MOOSE) applications, a MOOSE-
wrapped MPACT app is created. The capability of this app, named Trogdor, is demonstrated by coupling
it with another MOOSE app, BISON. Several single pin problems were run to test the Trogdor and
BISON coupling.

1. MOTIVATION FOR MOOSE-WRAPPED MPACT AND BISON COUPLING

As the VERA [1] is being integrated into the NEAMS program, efforts are being made to couple VERA
to other NEAMS codes. The primary neutron transport code in VERA is MPACT [2]. MOOSE is a
framework developed by Idaho National Laboratory to allow users to create their own physics models
simply by plugging in the governing equations [3]. One such application is the fuel performance code
BISON [4]. The MOOSE framework also allows coupling between different MOOSE apps [5]. External
codes can be wrapped in a MOOSE app to take advantage of this coupling capability.

The goal of this work is to enable the MPACT code as a MOOSE-wrapped app called Trogdor and couple
it to BISON. Enabling MPACT as a MOOSE-wrapped app would allow it to be coupled with BISON
through the MOOSE framework. Trogdor takes advantage of the MOOSE framework and the MOOSE
meshes to transfer data between MPACT and BISON. The MOOSE-wrapped MPACT app could also be
coupled to other MOOSE apps or MOOSE-wrapped apps.

2. CODE OVERVIEWS
2.1 VERA

VERA [1] is a suite of codes for modeling full-core reactors developed as part of the Consortium for the
Advanced Simulation of Light Water Reactors (CASL). It consists of many codes that handle different
physics and are coupled together, as shown in Figure 1. The important codes for this work are MPACT
for neutronics, CTF for thermal-hydraulics (TH) [6], MOOSE for coupling, and BISON for fuel
performance.
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Figure 1. VERA code packages.
2.2 MPACT

MPACT [2] is the deterministic neutron transport solver in VERA. MPACT solves the 3D transport by
means of a 2D/1D system where 2D radial planes are solved by the method of characteristics (MOC), and
1D axial elements are solved using the nodal element method (NEM). These two components are coupled
together and accelerated by the coarse mesh finite difference (CMFD) method. MPACT is also tightly
coupled with CTF [6], an updated version of COBRA-TF, to provide thermal-hydraulic feedback. CTF is
called by MPACT as a subroutine, so while CTF calculates the temperature and density distributions, it is
not directly involved in the coupling implementations between Trogdor and BISON.

2.3 MOOSE

MOOSE [3] is a framework developed by Idaho National Laboratory to simplify physics simulation. A
MOOSE application is created simply by entering the governing equations for physical phenomena [5].
MOOSE can automatically mesh a problem and discretize it by the finite element method. The system of
equations is solved using a Jacobian-Free Newton Krylov (JENK) method. MOOSE also facilitates easy
coupling between different MOOSE apps. External codes can also take advantage of this coupling by
wrapping them as a MOOSE app.

2.4 BISON

BISON is a MOOSE app for nuclear fuel performance. It solves the fully coupled thermomechanics and
species diffusion equations for 1D, 2D, and 3D geometries. Previous work has been done to couple
BISON with MPACT and CTF through a driver called Tiamat [7]. Tiamat has a two-way coupling with
BISON receiving power from MPACT and clad outer surface temperature from CTF. BISON calculates
and returns fuel temperatures to MPACT. Tiamat can use either 2D-RZ or 1.5D BISON models. Even
with the 1.5D model, the two-way coupling added significant computational burden compared with a
stand-alone MPACT/CTF run. A file-based one-way coupling from VERA to BISON has also been
implemented and recently incorporated into the VERAOneWay package.



3. TROGDOR IMPLEMENTATION

A MOOSE-wrapped MPACT app has been created called Trogdor. To demonstrate the functionality of
this app, Trogdor is coupled with BISON.

3.1 MOOSE-WRAPPED MPACT

The base Trogdor app sets up an external MPACT problem and registers the BISON app. Three input
files are required to run a Trogdor calculation. The first is the Trogdor input file, a MOOSE input file that
defines the problem mesh and time stepping parameters and specifies the input files for MPACT and
BISON. Second is the MPACT input file, which is the same as the file for a stand-alone MPACT run.
Third is the BISON input file. This file is the same as would be used to run a stand-alone BISON case.

Once execution has begun, the MPACT neutron transport and depletion solves and CTF TH solves are
called from Trogdor and are solved externally. The pin power and clad surface temperature are synced
from MPACT to BISON using a MOOSE mesh. BISON is then run, and the fuel temperatures are synced
back to MPACT. This process is repeated for each timestep. The Trogdor timesteps are the same as the
MPACT depletion intervals, while BISON uses subcycling to allow it to take smaller timesteps for each
Trogdor timestep. This subcycling approach is necessary to improve convergence of the BISON
calculations.

3.1.1 Mirror Mesh

An important part of the Trogdor app is the mirror mesh. This is essentially a copy of the MPACT mesh
in MOOSE that facilitates coupling with other MOOSE apps. In Trogdor a 2D mirror mesh is created for
each fuel pin that maps to the MPACT RZ mesh. This mesh is used to transfer data between the MOOSE-
wrapped MPACT and BISON apps.

3.1.2 Transfers

The coupling between Trogdor and BISON is done by transferring data between the MPACT mirror mesh
and the BISON mesh. The data transferred from MPACT to BISON are axial region-wise fission rates,
which are calculated by dividing the pin powers by the energy per fission to convert from energy density
to specific fission rate. The pin power is a radially averaged value, so this is mapped for each axial level.
The data transferred from BISON back to MPACT is the fuel temperature. The BISON radial mesh is
finer than the MPACT mesh, so the fuel temperatures are averaged radially for every axial level.

3.1.3 Trogdor Input Files

A Trogdor app is set up by a MOOSE input file trogdor.i. The Trogdor input file contains several blocks
which set up different components of the app. Examples of these blocks are shown in Figures 2—6. The
“Problem” block (Figure 2) defines the external MPACT as the problem of interest as well as listing the
fission rate and temperature as the variables being synced from and to it, respectively. The “MultiApps”
block, in Figure 3, defines the other apps that are coupled to Trogdor. In this case the multiapp is BISON,
which is set up by the bison.i input file and executed on the end of each MPACT timestep. Figure 4
shows an example of the “Executioner” block, which sets the timestepper and the simulation end time.
The “end_time” is in units of seconds and must match the total length of the MPACT problem. The
“Mesh” block (Figure 5) defines the mirror mesh type as MPACT and gives its dimensions. The block
“Transfers” (Figure 6) defines transfers to and from the multiapp, which is BISON in this case. The
fission rate is synced to and temperatures are synced from BISON meshes using nearest node transfers on



the fixed meshes. There are also a few other standard blocks in the Trogdor input file. This input file,
along with the mpact.xml and bison.i files, defines the whole problem for Trogdor.

[Problem]
type = ExternalMPACTProblem

sync_from_variable = casl_fission_rate
sync_to_variable = temp

[]

Figure 2. Trogdor input Problem block.

[MultiApps]

[./bison]

type = TransientMultiApp
app_type = BisonApp
sub_cycling = true
positions = '0 0 0'
input_files = 'bison.i'
execute_on = timestep_end

Figure 3. Trogdor input MultiApps block.

[Executioner]
type = Transient
picard_max_its = 10
end_time = 864000
[./TimeStepper]
type = ExternalMPACTTimeStepper

Figure 4. Trogdor input Executioner block.

[Mesh]

type = MPACTMesh
nx = 2

Figure 5. Trogdor input Mesh block.



[Transfers]

[./tosub]
type = MultiAppNearestNodeTransfer
direction = to_multiapp
multi_app = bison
source_variable = casl_fission_rate
variable = casl_fission_rate
fixed_meshes = true

vl

./fromsub]

type = MultiAppNearestNodeTransfer

direction = from_multiapp
multi_app = bison
source_variable = temp
variable = temp
fixed_meshes = true
[../]
[]

Figure 6. Trogdor input Transfers block.
4. TROGDOR RESULTS
The capability of Trogdor has been tested for three problems:

1. asingle-pin problem with one depletion step,
2. asingle-pin problem with one depletion step and CTF coupling, and
3. asingle-pin transient with 30 depletion steps.

Some preliminary results from these cases are presented below. Figures 7 and 8 show the difference
between the solution of test 1 run with Trogdor compared with the same problem run with MPACT only.
Figure 7 shows the axial distribution of the difference between the normalized pin powers after the first
10 day depletion step. Figure 8 shows the axial distribution in the pin of the difference between the fuel
temperatures after the same time. Figures 9 and 10 plot the axial differences between Trogdor and
MPACT-only solutions of the pin power and fuel temperature, respectively, for test 2. Figures 11 and 12
plot the maximum difference between Trogdor and MPACT solutions on each depletion step for test 3.
Note that these figures only plot the first 20 points because the MOOSE solver in BISON failed to
converge for some of the time steps.
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Figure 7. Test 1 normalized axial pin power difference between MPACT-only and Trogdor coupled results.
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Figure 8. Test 1 axial pin fuel temperature difference between MPACT-only and Trogdor coupled results.
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Figure 9. Test 2 normalized axial pin powers difference between MPACT-only and Trogdor coupled results.
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Figure 10. Test 2 axial pin fuel temperature difference between MPACT-only and Trogdor coupled results.
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Figure 11. Test 3 normalized pin power max difference between MPACT-only and Trogdor coupled results.
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Figure 12. Test 3 pin fuel temperature difference between MPACT-only and Trogdor coupled results.
5. CONCLUSIONS AND FUTURE WORK

The Trogdor MOOSE application has been created and demonstrated for a single pin. The capability of
coupling Trogdor to other MOOSE apps has been tested with BISON. This was demonstrated to work
with two-way coupling between Trogdor and BISON for a number of test problems. The next step in this
work is to extend Trogdor to multi-pin cases. This can be done by creating a MPACT mirror mesh for
each pin and running a BISON instance for each one.
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